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membranes: HL, XN45 and DK were used in to evaluate the separation of lactose and lactate 23 as a function of pH. Raw acid whey was used after microfiltration, while two laboratory 24 prepared solutions comprising lactic acid and lactose; and sodium lactate and lactose were 25 also tested for comparison. The rejection of lactic acid was found to increase with the degree 26 of acid dissociation. About 50% of the lactate could be removed at pH ~3 due to the lower 27 degree of dissociation. For all pH values tested, over 90% of the lactose was retained. The 28 molecular weight cutoff and permeability of the membranes had little influence on the 29 separation performance.
1 Introduction 40 The production of fermented dairy products involves the generation of waste streams 41 termed "whey". Whey is the serum phase of milk and contains about 20% of the protein and 42 most of the lactose from the original input milk (Blaschek et al., 2007; Fox et al., 2015b) . It 43 can be further classified based on processing conditions into sweet whey and acid whey. 44 Sweet whey is a by-product of rennet cheese manufacture and is commonly spray dried to 45 form high value dairy powders for use in infant nutrition and body building applications. 46 Conversely, acid whey comes from the production of acid coagulated dairy products 47 including fresh and cream cheeses and strained (Greek style) yoghurts (de Wit, 2001; 48 Prazeres et al., 2012). A shift in market trends towards Greek style yoghurts has resulted in 49 the production of very large quantities of this acid whey (Prazeres et al., 2012) . Despite the 50 profits generated from yoghurt production, the industry has been struggling to find solutions 51 for such increasing volumes. In general, the disposal of waste whey is complicated due to its 52 high biological oxygen demand that leads to the need for costly treatment facilities. Some 53 small scale facilities use acid whey in manure as an organic fertiliser, as a supplement of 54 cattle feed, or for conversion into biogas (Prazeres et al., 2012) . However, these are all low 55 value applications. 56 The presence of high concentrations of lactate, either as lactic acid or dissociated into 57 lactate ions, reduces the potential for the use of acid whey in spray dried powders. The dissociation constant ( ) of lactic acid at 25°C is reported to be 3.86 (Budavari, 1989) . 85 The association constant at a different temperature can be estimated by the following 86 correlation (Perrin, 1964) :
where is the temperature of the system in Kelvin. (Table 1) . 118 Artificial solutions were prepared in the laboratory by mixing lactic acid (85%, Ajax Similarly, the XN45 membrane rejects ~45% of the lactic acid at pH 2.4 for the Na- 206 LA+LT solution, while the HL membrane rejects ~55% at pH 3. This is again because the 207 bulk flow of liquid through the membrane is lower for the XN45 membrane (Figure 3) , 208 leading to a higher concentration for all solutes in the permeate. In a high ionic strength achieved a rejection of 98% at 13.1 bar and 22⁰C with a feed lactose concentration of 50 g/L. 231 The rejection of the NaCl within the microfiltered acid whey can be estimated using 232 the solution conductivity as an indication of ionic strength (Figure 4(b) ). On this basis, NaCl 233 rejection for the XN45 membrane was observed to be between 30% -50% for the various pH 234 values tested ( Figure 5(c) ). Monovalent ion rejection for NF membranes is typically within 235 the same range. The manufacturer states a NaCl rejection of 10-30% for this XN45 236 membrane, which is at the lower end of this observed range. The rejection is a minimum at 237 the isoelectric point, reflecting the lower charge on the membrane surface at this point. 
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